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(54) Title: SUPPLEMENTA'HON OF EQUINE FEEDSTUFFS 

(57) Abstract: The present invention provides equine feedstuifs and methods by which plasma glutamine concentrations in equine 
Q animals can be increased or maintained. The present invention provides equine feedstuffs with supplemented glutamine and with 
^ optional high levels of fat or oil. Glutamine supplementation provides a pharmacological benefit to the equine animal, for example 
^ in respect of one or more or over-training, infection, surgery, other stressful conditions or catabolic stress. 
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Supplementation of Equine FeedstiifTR 

The present invention provides equine feedstuffs and methods by which plasma 
glutamine concentrations in equine animals can be increased or maintained. 

Glutamine is a neutral amino acid which is readily transported across plasma 
membranes. As an important intermediate in a number of metabolic pathways, 
cellular utilisation of glutamine can far exceed that of other amino acids especially 
within intestinal and immune cells. Glutamine is important in the transport of amino 
nitrogen and anmionia, as a substrate in gluconeogenesis and ammoniagenesis, as a 
fuel source for rapidly dividing cells and may also be involved in the regulation of 
protein synthesis. 

Under normal conditions, the body*s requirement for glutamine is met by synthesis 
within specific tissues, principally skeletal muscle, and, to some extent, from dietary 
protein. Glutamine is, however, the preferential fuel source for intestinal 
enterocytes. The uptake of dietary glutamine by these cells is thought to be 
substantial, and that comparatively little is released into the bloodstream. 

The high rate of glutamine utilisation by the intestine (identified to occur in man) 
may, in part, be due to the large lyn:^)hocyte and macrophage populations in 
intestinal walls and Peyer's patches. These cells exhibit high glutaminase activity 
and utilise glutamine as their preferential fuel source, even in the quiescent state. 
However, as with many other cells that requure glutamine, both enterocytes and 
lymphocytes lack the synthetic apparatus to produce glutamine relying solely on 
circulatory or dietary sources. It is suggested that a fall in the plasma concentration 
could compromise lymphoc3rte function accountmg for the increase in susceptibility 
to vhral mfection. 
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Infection and tissue injviiy will both draw upon the central glutamine pool reducing the 
plasma concentration. Recently, a 30% decUne in the plasma concentrations in horses 
over the six days following exposure to viral challenge has been reported. 

5 

The present invention provides means for mcreasing and maintaining plasma 
glutamine concentrations m equine animals. The equine animal may be clinically 
healthy or may be athletically or clinically stressed. Increasing glutamine 
consumption by increasing the level of a food substance rich in glutamine is not 

10 usually suitable, as this involves increasing the amount of protein ingested. Protein 
above required levels cannot be stored and is either used to produce energy - but this 
is a very inefficient process and results in a large amount of heat which the horse 
needs to get rid of —or the nitrogen has to be removed via urea. The potential 
disadvantages of excessive protein intakes (especially in the exercising animal) 

15 include: - 

• increased utilisation of dietary protein for energy which increases the heat 
load to the horse (as described above) 

• increased urea production with concurrent increased urea levels in the blood 
and ammonia levels in the urine, and therefore the stable environment - 

20 which potentially may irritate the stabled animal's respiratory tract 

• increased water requirements as needs to produce additional urine to excrete 
the urea (may be an additional adverse factor when dehydration is a 
possibility) 

• above certain levels may exceed the capacity of the urea cycle - leading to 
25 metabolic problems 

above certain levels (not given) adversely affect glycogen storage. 
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Accordingly, a first aspect of the present invention relates to an equine feedstuff 
comprising a glutamine source of from 15 to 200mg/kg bodyweight per day free 
glutamiae or an equivalent thereof, preferably 15 to 150mg/kg bodyweight, more 
preferably 15 to lOOmg/kg bodyweight. Preferably, the glutamine is present at a 
5 level of from 30mg/kg bodyweight per day, most preferably at a level of up to 
60mg/kg bodyweight per day, where the concentration given is for free glutamine or 
an equivalent level from an alternative glutamine source. Preferably the glutamine 
level above is a supplemented glutamine source (i.e. an added glutamine level to the 
glutamine already occurring in the raw materials of the feedstuff) . 

10 

Equine animals of the present invention include the horse (in particular, working and 
racing horses), the donkey, the zebra and the camel. 

The equine feedstuff is preferably composed of one or more of a hydrolysable 
15 carbohydrate source, one or more of a fibre source and one or more of a protein 
source, together with optional vitamins and minerals, molasses and oils (or fats). 
Hydrolysable carbohydrate sources include cereal sources such as oats, com and 
barley. Fibre sources include grasses (preserved or other), sugar beet, soya hulls 
and oats. Protein sources include soya meal and linseed. Molasses is usually added 
20 as a palatability enhancer. The feedstuff may comprise simply cereals and oil or 
molasses, with the supplemented glutamine. 

Preferably, the oil is of vegetable origin, preferably one or more highly 
polyunsaturated vegetable oil. Examples are com oil, soya oil, or processed canola 
25 oil. Alternatively, the oil or fat can be added as a component containing oil or fat, 
such as oil-rich seeds or full fat soya. Other preferred fats are more saturated fats, 
which are more stable and thus less prone to rancidity. Examples are coconut oil, 
pahn oQ or sunflower oil. Oil may have the added benefit of reducing the insulin 
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response to the diet so enabling further uptake of amino acids and may delay gastric 
emptying to a more prolonged steady trickle into the gut. The present invention 
provides a particular benefit when the oil is present in the feedstuff at a level of from 
2% or 4% by weight, preferably up to 20% by weight, most preferably from 7% by 
5 weight, optionally up to 14% by weight. A feedstuff with such an oil content results 
not only in an increase in the plasma glutamine level, but also an increase in the total 
time that the plasma glutamine level reinains above the normal plasma glutamine 
baseline. 

The gluta min e source may be glutamine, such as a free amino acid L-glutamine or a 
peptide rich in L-glutamine or a glutamine rich extract. Suitable peptides rich in L- 
glutamine include dipeptides, tripeptides, tetrapeptides, pentapeptides, hexapeptides, 
longer chain peptides or peptide mixtures. Such peptide mixtures include proteins 
rich in L-glutamine, hydrolates or fractions thereof (e.jg. gliadin, beanis or lentils). 
Other L-glutamine derivatives include L-glutamine salts, N-acyl derivatives of L- 
glutamine including N-alkanoyl L-glutamine compounds such as N-acetyl L- 
glutamine. The N-acylation of L-glutamine stabilises the peptide, in comparison 
with free amino acid L-glutamine. Such stabilised peptide enables a longer shelf life 
for equine feedstuff according to the present invention. Such peptides may be pH 
and fluid stable. The dipeptide L-alanyl-L-glutamine is a particularly useful 
dipeptide. Typically a glutamine source of wheat protein hydrolate provides an 
equivalent of 30% free glutamine. The extract can be obtained by conventional 
methods from a source containing glutamine (e.g. quadin, beans or lentils). 

25 The formulation of the supplemented equine feedstuff is not limiting. Typically the 
supplement of glutamine source will be admixed together with the standard feedstuff 
used. The mixing may occiu: when the feedstuff is prepared or packaged or may 
occur when the feedstuff is provided to the animal. The supplementation may 
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15 



20 
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alternatively be supplied as a topping to the feedstuff. The feedstuff may also 
comprise a drink (for example, an aqueous or oil-based drink widi the glutamine 
supplement) or be in the form of a snack bar. The drink, snack bar or other 
feedstuff may allow for easy transport, administration and monitoring of precise 
5 supplement given. When the feedstuff is in the form of a snack bar, the glutamine 
supplement may be admixed with the components or applied as a topping. The 
feedstuff may also be provided in pellet form. 

In all cases the glutamine supplement may be in any form, such as in the form of a 
10 liquid or a solid, for example, a powder. 

The complementary feedstuff of the present invention may comprise diets with the 
following analysis: 



15 



Oil % 


Protein % 


Crude 
Fibre % 


Ash % 


Typical ranges: 
2-20 


8-16 


2-20 


5-20 


Examples: 
14.5 


13.5 


4.20 


6.5 


8.0 


12.0 


11.0 


7.5 


4.0 


10.5 


13.0 


9.5 



The remainder of the feedstuff comprises non-structural carbohydrates, moisture, 
etc. The first aspect of the invention may further provide a feedstuff comprising a 
supplemented glutamine source, one or more hydrolysable carbohydrate source and 
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palatability enhancer such as molasses. The feedstuff may optionally provide one or 
more fibre source, one or more protein source, vitamins, minerals and/or oil. The 
present invention provides, as a second aspect, the feedstuff according to the first 
aspect of the invention, for use in increasing or maintaining the level of plasma 
5 glutamine in an equine animal. The present invention may be particularly useful for 
racehorses or other horses that do not receive sufficient to provide a required 
glutamine content. The need for glutamine in the diet is particularly important 
during periods of physical stress, such as competitive racing periods. 

10 All preferred features of the first aspect also apply to the second, particularly in 
respect of levels of glutamine, other components of the feedstuff, composition and 
nature of the oil etc. 

I 

The ability to increase the level of plasma glutamine is particularly useful prior to 
15 and during an action or event, which reduces the plasma glutamine level. Such an 
action or event includes exercise, in particular strenuous exercise such as training or 
racing, as well as infection, surgery or other stressful or catabolic condition. Levels 
of glutamine in the feedstuff and quality of feedstuff offered will depend on the 
particular animal and details of the situation, such as the age of the animal, the 
20 health of the animal or the stress suffered or likely to be suffered, amongst others. 

It is recognised (see the example) that siq)plementation of equine feedstuff with 
glutamine, does not result in accumulative increase in baseline plasma glutamine. 
concentrations. Accordingly, it is important to include the glutamine supplement 
25 with the equine feedstuff at a suitable level and at a suitable time interval to provide 
the increase in plasma glutamine level at the desired time. 



01/74173 PCT/GBOl/01557 



\ 



Suitable levels of free glutamine or an equivalent (preferably in a supplement) 
include from 15mg/kg bodyweight, in particular from 30mg/kg bodyweight per day ' 
to produce a peak in the plasma glutamine level at 1.5 to 4 hours post-feeding. The 
feedstuff can provide an increase in the plasma glutamine level above baseline for up 
5 to 6 to 8 hours. Accordingly, feeding of such feedstuff every 6 to 8 hours will result 
in a maintained plasma glutamine level above the baseline. The regularity of feeding 
will depend on the result to be achieved and on the usual feeding pattern of any 
particular equine animal. The feeding may be of any pattern (for the present 
invention) including once, twice or three times daily, optionally with glutamine 
10 supplemented snacks and from one, two or three days upwards. The supplemented 
equine feedstuff may comprise the feedstuff of the amma] or can be used as an 
intermittent feedstuff . 

A third aspect of the invention provides a method for increasing or maintaining the 
15 level of plasma glutamine in an equme animal, the method comprising the steps of 
feeding to said equine animal a feedstuff which comprises free glutamine or 
equivalent level of from 15mg/kg bodyweight, preferably from 30mg/kg 
bodyweight. Preferably the glutamine level above is supplemented glutamine. 



20 All 
the 



preferred features of the first and second aspects of the mvention also apply to 
third aspect, particularly in respect of levels of glutamine, other components of 
the foodstuff, composition and nature of the oil etc. 



The method of the third aspect increases or maintaiTiq plasma glutamine levels, 
25 providing a pharmacological benefit to said equine animal. Such a pharmacological 
benefit includes the role of glutanune in the transport of amino nitrogen and 
ammonia, as a substrate in gluconeogenesis and amoniagenesis, as a final source for 
rapidly dividing cells, and may also be involved in the regulation of protein 
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synthesis. The pharmacological benefit may also include assisting with the cell- 
mediated immmie response of the animal being fed the supplemented foodstuff. 

A fourth aspect of the invention provides the use of a glutamine source, in the 
5 manufacture of an equine animal feedstuff, for the prevention or treatment of a 
pharmacological change associated with a decrease in a plasma glutamine level in an 
equine animal. The pharmacological change may be in a clinically healthy aniTnal or 
may be athletically or clinically stressed, 

10 All preferred features of aspects one to three also apply to the fourth, particularly in 
respect of levels of glutamine, other components of the foodstuff, composition and 
nature of the oil etc. 

The pharmacological change may be associated with one or more of over-training, 
15 infection, surgery, other stressful conditions or catabolic stress. 

A fifth aspect of the invention provides for the use of a glutamine source as a 
feedstuff supplement to increase or maintain the plasma glutamine levels in an equine 
animal. 

20 

All preferred features of aspects one to four also apply to the fifth, in particular in 
respect of levels of glutamine, other components of the foodstuff, composition and 
nature of the oil, etc, 

25 A sixth aspect of the present invention provides the use of oil and a glutamine in the 
manufacture of a composition, comprising a fat or oil content of fi-om 4% by weight 
and a glutamine content of from 15mg/Icg bodyweight per day for increasing or 
maintaining the plasma glutamine level in an equine animal. Increasing or 
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maintaining such plasma glutamine levels is associated with assisting the equine 
animal in times of athletic or clinical stress. Accordingly, the composition is 
ad mini stered for reducing athletic or clinical stress. 

5 The conq)osition is preferably an equine feedstuff. The equine feedstuff may be as 
described accordmg to the first aspect of the invention; in the sixth aspect of the 
invention the glutamine may particularly be provided as supplemented free glutamine 
or an equivalent thereof (as per the first aspect) or the glutamine may be provided by 
a food substance (e.g. soya bean meal, linseed, cereal (such as wheat, barley, oats, 
10 rye) forages (such as dried grasses), svmflower, lupins, beans, milk powder, copra 
meal or canola. All other preferred features for the composition of the sixth aspect 
are as per the foodstuff of the first aspect, including levels of glutamine, other 
components of a feedstuff, composition and nature of the oil, etc. 

15 This sixth aspect of the invention provides an increase in the equine plasma 
glutamine levels even when the glutamine is provided from a non-supplemented 
source of free glutamine or an equivalent (i.e. from the raw materials). This 
advantage is believed to occur due to the combination of the level of oil (or fat) in 
the composition. As described earlier in this document, oil may have the added 

20 benefit of reducing the insulin response to the diet, so enabling further uptake of 
amino acids and may delay gastiic en5>tying to a more prolonged steady trickle into 
the gut. 



The present invention is described with reference to the figures, in which: 

25 

Figure 1 shows mean plasma glutamine concentrations in response to feeding 
molassed sugar beet (0.5kg), naked oats and mixed feed (both fed according to 
body weight). Hay was fed at 4 hours. 
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Figure 2 shows mean plasma glutamine response to L-glutamine and glutamine- 
peptide fed at two doses (95 and 190mg/kg bwt peptide is equivalent to 30 and 
60mg/kg bwt L-glutamine content) with molassed sugar beet. Hay was fed at 4 
5 hours. 

Figure 3 shows mean changes in plasma ammonia concentrations compared to mean 
plasma glutamine changes after ingestion of 60mg/kg bwt L-glutamine. 

10 Figure 4 shows mean changes in plasma glutamine concentration when L-glutamine 
was fed as a single 60mg/kg bwt dose with molassed sugar beet (a.m.) and after 10 
days adaptation fed with nom^l diet at both the a.m. and p.m. feeds. Hay was fed 
at 4 hours on both occasions. 

15 Figure 5 shows mean plasma glutamine response to commercial mix supplemented 
with either 60mg/kg bwt L-glutamine or 190mg/kg bwt glutamyl-peptide fed. Hay 
was fed at 4 hours. 

Figure 6a shows glutamine responses to mixed feed only, 60mg/kg bwt L-glutamine 
20 with molassed sugar beet, and 60mg/kg bwt L-glutamine with mixed feed. Hay was 
fed at 4 hours. 

Figure 6b shows glutanune responses to commercial mix only, 190mg/kg bwt 
glutamyl-peptide with molassed sugar beet only, and 190mg/kg bwt glutamyl-peptide 
25 with commercial mix. Hay was fed at 4 hours. 



The present invention is described with reference to the following example: 
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Example 
Summary: 

Six clinically healthy horses were offered seven different feeds on different days, on 
each occasion foUoAving an overnight rest. The changes in plasma glutamine were 
monitored for eight hours post-feeding. The seven feeds were molassed sugar beet 
(mSB), naked oats (nO), mixed feed (M), and mSB alone or with either 30 or 60mg/kg 
bwt L-glutamine (G), or the equivalent amount of glutamyl alone or peptide (P). At 
l,5h after feeding mean plasma glutamine concentrations were increased by +3% 
(mSB), +11% (nO) and +43% (M; p<0.05). Feeding mSB supplemented with G, 
raised mean plasma glutamine levels by +67% (30mg; p<0.05) and +157% (60mg; 
p<0.05) by 0.75 to Ih. Supplementation with P increased mean plasma glutamine 
concentrations by +45% (30mg) and +84% (60mg; p<0.05) by Ih. After 10 days of 
supplementation with 60mg/kg-bwt G, a similar increase (+153%) in concentration 
15 was observed (the pre values being unchanged). With the exception of the M, pre 
levels were regained by 4h in each case. Plasma ammonia and plasma protein 
concentrations were unaffected by supplementation with glutamine. L-glutamine and P 
were individually additive to M when fed with M and prolonged the period over which 
the plasma concentration was increased. Both L-glutamine and P, when added to M, 
20 produced an increase pf +151% in plasma glutamine with concentrations remaining 
above pre-values at 8 hours. ThQ effect of glutamine supplementation in the horse has 
never before been evaluated. 

Materials And Methods 
25 Horses: 

Six stabled Thoroughbred horses (2 mares, 4 geldings; aged 5-9 years), were 
maintained on hay and mixed feed for a minimiTm of two weeks before the start of 
the study. Horses were fed at Sam and 4pm. The mixed feed was a mix of cereal 
sources, fibre sources and protein sources with added vitamins and minerals. The 
30 ingredients mcluded, in descending order of inclusion, enriched fibre pellets, rolled 



BNSOOCID: <WO 0174173A1 J_> 



wo 01/74173 



12 



PCT/GBOl/01557 



oats, soya huU peUets, flaked maise, flaked barley, flaked peas, molgio, full fat 
soya, vegetable oils, lucerne (alfalfa), calcium carbonate, dicalcium phosphate, salt, 
lysine, magnesium phosphate and zinc sulphate. Analysis: oil 8%, protein 12%, 
fibre 11%, ash 7.5%. 

5 

Experimental Design: 

Within each part of the study, the order of the feeds was randomised between horses 
using a Latin Square design. The study comprised four parts: 

Part 1: Acute plasma glutamine response to a single feed of molassed sugar beet 
10 (mSB), naked oats (nO) and mixed feed (M). The nO and M were fed according to 
individual bodyweight; mSB was fed as 0.5kg plus 20ml liquid molasses. In all cases 
2.5kg hay was offered at 4 hours post feeding; water was provided ad libitum. Total 
plasma proteins were measured as an indication of plasma volume changes related to 
the hay or test feeds. 

15 Part 2: Acute response of mSB supplemented with either L-glutamine ^available from 
Kyowa Hakko, Japan) or glutamyl-peptide (available from DMV International 
Veghel, The Netherlands), at doses of either 30 or 60mg/kg'bwt in a single feed. The 
glutamyl-peptide had an L-glutamine content of 31.5% (reported by the manufacturer) 
and was fed at 95 and 190mg/kg bwt (equivalent of 30 and 60mg/kg-bwt L- 

20 glutamine). The mSB, hay and water were provided as in Part 1 . 

Part 3: Chronic response of plasma glutamine over 10 days to base feed supplemented 
with L-glutamine at a,m, and p.m. feeds. The L-glutamine was fed at 60mg/kg bwt 
with the base feed on days 1-9, and with mSB only (as Part 2.) a.m. of day 10 when 
sampling took place. Hay and water were provided as in Part 1 . 

25 Part 4: Acute response of M supplemented with either L-glutamine or glutamyl- 
peptide, at a dose of 60mg/kg-bwt in a single feed. The glutamyl-peptide was fed as in 
part 2 at 190mg/kg bwt (equivalent to 60mg/kg-bwt L-glutamine). The M, hay and 
water were provided as in Part 1 . 
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Blood Collection and Sample Storage: 

Blood samples were drawn through an indwelling jugular catheter into tubes 
containing lithium heparin (on ice), hi Part 1 samples were taken pre and at 0.5, 1, 
1 .5, 2, 3, 4, 6 and 8 hours post feed. In Parts 2, 3 and 4 samples were taken pre and at 
5 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6 and 8 hours. Samples were centrifuged, the plasma 
harvested, divided into aliquots and stored at -80^C. 

Analysis: 

Plasma was deproteinised with an equal volume of perchloric acid and neutralised 
10 with KHCO3- Glutamine was assayed by conversion to glutamate and the formation of 
foimazan dye. L-Asparaginase (ECS. 5. 1.1; 5mg/ml from Escherichia coli (from 
Boehringer Mannheim/Roche, Lewes, East Sussex, England) hydrolyses glutamine to 
glutamate producing ammonia, addition of glutamate dehydrogenase (EC 1.4. 1.2; 
lOmg/ml from bovine liver) converts glutamate to 2-oxoglutarate, NADH and 
15 ammoniimi. In the presence of diaphorase (EC 1.8. 1.4; from Clostridia kltcvyeri 
300U/ml, from ICN Biomedicals, Theme, Oxfordshire, England) INT (Aldrich 
Chemical Co., GilUngham, Dorset, England) oxidises NADH producing a pink 
formazan dye. Colour development after 30 minutes incubation in the dark at 20°C, 
was read photometrically at 492nm on a microplate reader (SPECTRAmax PRO 250 
20 with SOFTmax PRO software vs. 1.2,0 for Apple Mac, 1994, Molecular Devices 
Corporation, California 94089, USA). The method was a consolidation of those by 
Lund (1974), and, Beutler and Michal (1974), creating a one-step enzymic method 
applied to a microplate reader usuig only 20\xl of sample. 

25 Each sample was assayed as a 'test' and a 'blank'. L-Asparaginase was added to the 
'test' reagent (for the conversion of L-glutamine to L-glutamate), but was replaced 
with water in the 'blank' reagent in order to measure the background L-glutamate 
content of the sample. The L-glutamine concentrations were calculated from the 
absorbance change between test and blank. Samples were run in duplicate, and each 
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group of assays was controlled by simultaneously assaying a series of known 
standards and QC plasma extracts. 

Plasma ammonia was determined in samples from Part 2 where the higher dose of L- 
5 glutamine (60mg/kg-bwt) was fed, using a dry-strip analyser (Ammonia Checker 11, 
Kyota Daiicha Kagaku Co Ltd., Japan) pre-validated for equine plasma. Total plasma 
protein content was estimated using a refractometer (Goldberg Refractometer). 

Statistical Analysis: 

10 Where appropriate, the results were tested for significance xising paired students t-tests 
and ANOVA for repeated measures. P<0.05 was taken as indicating a significant 
difference. All results are given as means ±SD. Areas under the plasma 
concentration-time curve (AUG), 0-4h and 4-8h post each treatment were calculated 
using the trapezoidal rule (see table 5). 

15 . - 
Results 

Part One (figure 1; table 1) 

Ingestion of molassed sugar beet had no effect on the plasma glutamine concentration. 
The naked oats produced an average change of +11% in plasma glutamine firom a 
20 mean of 301.6 (±65.1) to 336.1 (±55.6) \xmo\l\ by 1.5h post feeding. The mixed feed 
produced a significant increase (p<0.05) of +43% by 1.51i. The glutamine 
concentrations declined to pre values over the following 1.5 hours with the oats and 
sugar beet but remained significantly (p<0.05) elevated above baseline concentration 
with the mix. The mix kept the levels elevated imtil at least four hours post feeding. 

25 

Hay fed at 4h produced a mean increase in glutanmie concentration (|jmol/l) by 6h 
post of: +157.1 (mSB; p<0.05), +134.4 (nO; p<0.05) and +43.9 (CM) from the 
minimum values observed at 4h. The absolute concentrations of plasma glutamine at 
the 6h peak were comparable between food types: mSB 465.5 (±102,3), nO 431.9 
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(±52.8) and CM 430.6 (±35.3) nmol/1. 



Part Two (figures 2 & 3; tables 2 & 3) 

At 30mg/kg bwt L-glutamine (30mgG) produced a peak at 0.75 hours post of +67% 
5 from the pre feed value. The peaks in all other supplement doses were observed at Ih 
post: +45%, +157% and +84%, for the 95mg/kg bwt glutamyl-peptide (95mgP), 
60mg/kg bwt free glutamine (60mgG), and the 190mg/kg bwt glutamyl-peptide 
(190mgP) dose, respectively. 

10 Hay fed at 4h post produced a mean increase ia glutamine concentration by 6h of 
+132.3, +94.5, +86.7 and +84.8 pmol/1 (30mgG, 95mgP; 60mgG and 190mgP 
respectively) from the nadir in values observed at 4 hours is a likely result of fluid 
shifts in GI tract in response for hay feeding. The absolute plasma glutamine 
concentrations at the 6h peak were comparable between supplement types and doses: 

15 30mgG 363.9 (±54.7), 95mgP 323.8 (±43.0), 60mgG 333.2 (±23.2) and 190mgP 347.7 
(±57.3). There was no significant increase in ammonia observed with the 
administration of 60mgG (table 3; figure 4). 

Part Three (figures 4i table 4) 
20 No change was observed in baseline glutamine concentrations after 10 days 
supplementation. The results show the plasma glutamine respotise to 60mg/kg-bwt L- 
glutamine to be highly reproducible when compared with the initial dose given on the 
first day (increases of +157 and +153% respectively; figure 3). 

25 Part Four (figures 5 & 6a/b; table 5) 

The supplementation of M with either 60mgG or 190mgP produced a significant 
increase (p<0.05) of +50% in. plasma glutamine concentration at 1.5h post. Mean 
plasma glutamine concentrations increased by +246.3 and +25 1 .9 jjmol/1 when fed M 
+ G and M + P respectively. 
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Hay fed at 4h resulted in an 8% increase only in the glutamine concentration during 
the feeding of M + G (p>0.05). 

Total Plasma Protein (TPP) Results: 
5 Significant changes in TPP were observed only between 4 and 6h when hay was fed 
after naked oats (p<0.05), and at 1.5h after feeding the mix (p = 0.05), Results ranged 
from 5.5-6. Ig/dl, which are within the normal resting range reported for horses (5.5- 
7.5g/dl; Rose & Hodgson (1994), Haematology and Biochemistry. In: The Athletic 
Horse: Principles and Practice of Equine Sports Medicine. Eds. D.R. Hodgson & R. J. 
10 Rose). 

Discussion 

In Part one, feeding of naked oats and compound mix elicited a protracted increase in 
plasma glutamine concentration at 1 .5 hours, which had returned to baseline levels by 

15 four hours. In the latter study, a decline in amino acid concentrations was evident 
following the peak this being attributed, in part, to the action of insxilin. TnffliHn 
promotes the uptake of amino acids by muscle and other tissues, and consequently, 
plasma amino acid concentrations may decrease below pre-feeding levels during the 
post absorptive period, A decline below baseline was seen also in plasma glutamine in 

20 the present study. 

Molassed sugar beet did not produce any change in plasma glutamine concentration, 
presumably due to its minimal protein content. The 11% increase in concentration 
induced by the oats was, however, surprisingly small when compared to the 43% 
25 increase observed in the mix which had a comparable protein content (12%). This 
response may reflect differences in protein structure, availability, and/or the actual 
glutamine content of oats and the higher oil content of the mix (as discussed above). 
Again this may reflect that the proteins in cereal grains are generally of poor 
nutritional value. 
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In Part two, L-glutamine produced a greater response (peak concentration and area 
under the plasma concentration-time curve [AUG]) dian the peptide, suggesting that 
glutamine fed in the free form as an oral bolus is capable of reaching the equine 
5 circulation in greater quantities than glutamine fed as a peptide (table 5; figure 2). 
Free glutamine in powder form is stable, but degrades to glutamate and ammonia in 
solution, particularly at low pH and/or with increased temperatures, for instance 
during feed manufacture. Still higher doses per kg bodyweight of the glutamyl- 
peptide could potentially yield results comparable to the 60mg/kg-bwt free-glutamine 
10 observed here. 

There was no effect of a ten-day period of adaptation to glutamine. supplementation 
in the healthy horse, neither increasing nor decreasing the plasma response. Neither 
did oral ingestion of glutamine have any effect on plasma ammonia concentrations. 

15 The highest plasma ammonia value recorded in this study was 64|jmol/l at Ih 
following ingestion of 60mg/kg bwt glutamine. Resting ammonia concentrations, can 
increase to as high as 800 (±397) pmol/l within 15 minutes of treadmill exercise 
with no apparent detrimental effects to the horse. The small increases observed here 
therefore suggest a minimum risk of clinically significant hyperammonaemia with 

20 glutamine doses up to 60mg/kg bwt. 

The mean increase in equine plasma glutamine concentration of 157% at Ih post 
feeding in response to the 60mg/kg-bwt dose of L-glutamine was highly significant 
(p<0.01). The observed increase, however, represents just 8% of the total glutamine 
25 ingested assuming a plasma volume of 40 litres. The return to baseline within three 
hours of the maximmn concentration suggests a rapid removal from the circulation 
through utilisation or excretion. 
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In Part four, when L-glutamine and glutamyl-peptide were fed in combination with the 
mixed feed, the responses observed were comparable. These two supplements were 
fed at doses equal to or equivalent to 60mg/kg bwt, and there was an additional 
increase in plasma glutamine of +48% above that produced by the mix alone (see 
Table 5). Furthermore, glutamine was present m the plasma for a longer period than 
when either supplement was provided with the molassed sugar beet. 

Previous studies in the horse have shown the healthy equine intestine to be an avid 
utiliser of glutamine m vivo (Duckworth D.H., Madison, J.B., Calderwood-Mays, M. 
& Souba, W.W. (1992) Arteriovenous differences for glutamine in the equine 
gastrointestinal tract. Am. J. Vet. Res., 53, 1864-1867). The horses in this study were 
clinically healthy and the response recorded here reflects glutamine transport by the 
healthy equine intestine. Whilst there may still be a substantial metabolism of the 
glutamme by the enterocytes, it is potentially not of the same order as in a damaged or 
15 malfunctioning gut. 

It can be assumed, therefore, that the response elicited here was in direct response to 
the test feeds and supplements and not the result of other feeding or gut-related 
factors. It is unlikely that the over night fest prior to sampling during this study will 
20 not have influenced the response. In the horse, it is known that starvation and festing 
in excess of 24 hours can promote amino acid mobilisation fix>m tissues into, and 
faster removal from, the cuxiulation. Brush-border transport of glutamine into, and its 
subsequent metabolism by enterocytes is also decreased during starvation, thereby 
contributing to the increased transport of the limited avaUable glutamine into plasma. 



25 



Naked oats used in the example (standard) have a content of approxunately 18g/kg 
oats as fed. Taking the various horse bodyweights and the amounts fed into 
consideration, this results in approximately 36mg/kg bodyweight glutamine (per 
day). Despite the glutamine content (and the feet that oat starch is very available). 
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little plasma glutamine rise was noted. Molassed sugar beet pulp used contains 
approximately 17g glutamine per kg sugar beet, so 0.5kg sugar beet contains around 
8.5g glutamine per 475 kg horse i.e. approximately 18mg/kg body weight, which 
showed no plasma glutamine increase at all. 

The present study has demonstrated that glutamine, supplied in various forms, may be 
taken up and, in the short term, increase circulating plasma glutamine concentrations 
in equine animals. 



10 



Table 1: mean (±SD) plasma glutamine concentrations (pmol/1) for each feed 
presenting pre, peak and lowest value (nadir). 



Feed 


Pre 


Peak 


Nadir 


Sugar beet 


314.8 (60.9) 


324.7 (53.0) 


308.4(71.1) 


Na]Kd oats 


301.6(65.1) 


336.1 (55.6) 


297.6 (47.2) 


Mixed feed 


298.7 (33.5) 


428.3 (26.9) 


378.2 (53.4) 



15 



Table 2: mean (±SD) increase of plasma glutamine concentrations (jxmol/l) in 
response to feeding L-glutamine (G^ and glutamyl-peptide (P) at each dose (P is 
shown as actual mg/l^-bwt fed). 



Supplement 


Pre 


Peak 


Nadir 


30mg/kg G 


264.9 (62.3) 


442.8 (93.2) 


231.6 (36.8) 


95mg/kg P 


263.1 (69.9) 


380.3 (36.3) 


229.3 (30.2) 


60mg/kg G 


256.5 (35.7) 


660.2(139.6) 


246.5 (29.9) 


190mg/kg P 


284.7 (79.9) 


524.7 (133.3) 


262.9 (49.4) 
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Table 3: mean (±SD) changes in plasma ammonia concentration (iimoI/1) in 
response to feeding molassed sugar beet supplemented with L-glutamine at 60mg/kg- 
bwt. Results recorded at times representing the period of peak and decline in plasma 
glutamine concentrations. 



Time (hour) 


Mean 


SD 


Range 


0 


23.5 


6.6 


15-31 


0.5 


30.2 


9.1 


20-45 


1 


36.0 


16.3 


22-64 


1.5 


35.8 


10.3 


18-44 


2 


31.4 


10.5 


21-46 



Table 4: mean (±SD) increase of plasma glutamine concentrations (jLunol/l) in 
response to feeding commercial mix (CM) supplemented with 60mg/kg bwt L- 
glutamine (G) or 190mg/kg bwt glutamyl-peptide (P). 



Feed 


Pre 


Peak 


Nadir 


eOmg/kg G+M 


257.9 (47.9) 


504.2 (63.0) 


344.1 (59.7) 


190mg/kg P+M 


257.5 (32.1) 


509.8 (118.9) 


357.2 (41.5) 



Table 5: mean (±SD) areas under the curve (nmol/1 of glutamine/30 minutes) 
calculated for each part of the study. Hay was fed at 4h. 
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Feed 


Pre to 4h 




SD 


Sugar beet 


1 OA 


54 


Naked oats 


130 


58 


Mixed feed 


344 


122 


30mg/kg G 


313 


121 


30mg/kg P 




JLUJ 


60mg/kg G 


595 


92 


6Qmg/kg P 


495 


121 


10 day adaptation 
to 60mg/kg G 


583 


216 


60mg/kg G 4- M 


648 


115 


60mg/kg P+M 


586 


94 , 
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1 . An equine feedstuff comprising a source of free glutanndne or an equivalent of 
from 15mg/kg body weight per day. 

5 

2. An equine feedstuff as claimed in claim 1 or claim 2, wherein the glutamine 
source is free amino acid L-glutamine or a peptide rich in L-glutamine. 

3. An equine feedstuff as claimed in claim 3, wherein the peptide rich in L- 
- 10 glutamine is a dipeptide. 

4. An equine feedstuff as claimed in any one of claims 1 to 3 which comprises 
one or more of a hydrolysable carbohydrate source, a fibre soxirce and a protein 
source. 

15 

5. An equine feedstuff, as claimed in any one of claims 1 to 4, which comprises 
4% to 15% by weight fat or oil. 

6. An equine foodstuff, as claimed in any one of claims 1 to 5, which is in the 
20 form of a snack bar or a drink. 

7. An equine feedstuff, as claimed in any one of claims 1 to 6, for use in 
increasing or n:iaintaining the level of plasma glutamine in an equine animal. 

25 8. A method for increasing or maintaining the level of plasma glutamine in an 
equine animal, comprising the steps of feeding to said equine animal a feedstuff that 
comprises a free-glutamine or equivalent level of from 15mg/kg body weight per day. 
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9. A method, as claimed in claim 8, wherein the glutamine is provided in one or 
more sources from free amino acid glutamine, glutamine peptide, or glutamine-rich 
protein. 

5 10. A method, as claimed in claim 8, wherein the free-glutamine or equivalent 
level is of from 50mg/kg bodyweight per day. 



11. A method, as claimed in any one of claims 8 to 10, wherein the feedstuff 
further comprises 4% to 15% by weight fat or oil. 

10 

12. A method as clahned in any one of claims 8 to 11, which provides a 
pharmacological benefit to said equine animal. 

13. A method, as claimed in claim 12, wherein the pharmacological benefit is 
15 provided in respect of one or more of over-training, infection, surgery, other. 

stressful, conditions, or catabolic stress. 

14. . Use of a glutamine source, in the manufacture of an equine animal feedstuff 
for the prevention or treatment of a pharmacological change reflected by a decrease 

20 in plasma glutamine levels in an equine animal. 

15. Use, as claimed in claim 14, wherein the pharmacological change is 
associated with one or more of over-training, infection, surgery, other stressful 
conditions or catabolic stress. 

25 

16. Use, as claimed in claim 14 or claim 15, wherein the equine animal feedstuff 
comprises free glutamine or equivalent of from 15mg/kg body weight per day. 
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17. Use of a glutamine source, as a feedstuff supplement, to increase or maintain 
the plasma glutamine levels in an equine animal. 

18. Use of oil and glutamine source in the manufacture of a composition which 
) comprises an oil content of from 4% by weight and a glutamine content of from 

15mg/kg bodyweight per day, for increasing or maintaining the plasma glutamine 
level in an equine animal. 

19. Use, as claimed in claim 18, wherein the glutamine source is one or more of 
oats, soya bean meal, linseed, cereals, forages, sunflower, lupins, beans, milk 
powder, copra meal or canola. 

20. Use, as claimed in claim 18 or claim 19, for use in providing a 
pharmacological benefit associated with over-training, infection, surgery, other 

15 stressful conditions or catabolic stress: 



10 



BNSDOCID: <WO 0174173A1 J_> 



wo 01/74173 



1 I A 



PCT/GBOl/01557 



600 




3 200 



MOLASSED SUGAR BEET 



NAKED OATS 

MIXED FEED 



2 



3 



T 



5 



"T 

6 



TIME (HOUR) 

FIG. 1 



T" 

7 



8 



800-1 



S 600 

o 

E 



UJ 

Z 400 

Z5 



O 200 



30mg/kg bwt FREE GLUTAMINE 
60mg/kg bwt FREE GLUTAMINE 
95mg/kg bwt GLUTAMYL-PEPTIDE 
190mg/kg bwt GLUTAMYL-PEPTIDE 




0 



"T 

2 



-T 
3 



-r 
4 



5 



TIME (HOUR) 

FIG. 2 



1^ 

6 



8 



SUBSTITUTE SHEET (RULE 26) 

BNSOCXIO: <WO _017*173A1 J_> 



wo (H/74173 



PCT/GBOl/01557 



2/4 



60-1 




T r— T r 

0.25 0.5 



0.75 1 1.25 
TIME (HOUR) 

FIG. 3 



r 800 



-600 ^ 



o 
E 



-400 



UJ 

1 
ZD 



-200 2. 




SUBSTITUTE SHEET (RULE 26) 



eNSOOCtD:<WO 0174l7aA1 I > 



wo 01/74173 



3/4 



PCT/GBOl/01557 





SUBSTITUTE SHEET (RULE 26) 



wo 01/74173 



PCT/GBOl/01557 



4/4 



800 n 



TIME (HOUR) 

FIG. 6b 



MIX 

PEPTIDE 
PEPTIDE + MIX 




BNSOOaO: <WO_OI7417aA1J.> 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 





^^national Application No 




PCT/6B 01/01557 



C. (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy " Gliatton o; documeni. wim Indicailon. where appropriate, of the relevanl passages | Relevant to claim No. 



A A. LINDNER: "Conference on equine sports 1-20 

medicine and science, 26-28 April, 1998 
Cordoba, Spain" 

1998 , WAGENIN6EN PERS, , WAGENINGEN, NL 
XP001011542 

& HARRIS PA ET AL. : "3. Nutritional 
ergogenic aids in the horse - uses and 
abuses, pages 203-218" 
page 211, paragraph 3 

A WO 99 65335 A (BELL STAGEY 0 ;FORSE R 1-20 

ARMOUR (US); BETH ISRAEL HOSPITAL (US); 
BIS) 23 December 1999 (1999-12-23) 
page 2, line 10 - line 13 
page 4, line 1 -page 6, line 10 
page 10, line 1 - line 13 
claims 12,30,31,33 

A WO 99 25331 A (UNIV FLORIDA) 1-20 

27 May 1999 (1999-05-27) 
claims 1,2,9,19-21 



Foim PCT/lSA/210 (commuaUon ot second sheei) (JUty 1982) 



BNSOOCID: <WO_0174173A1J_> 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 A23K1/16 A23K1/18 



! ^national Application No 
CT/GB 01/01557 



A61K31/195 A61K38/05 



According to International Patent Classificailon (IPC) or to both nalional classincation and IPC 
B. RELDS SEARCHED 



Minimum documentation searched (classiOcatlon system followed by ctassirtcation symbols) 

IPC 7 A23K A61K A61P 



Oocumenlation searched other than irtnlmum documentation to tlie extent tliat such documents aie included in the fields searched 



Electronic data liass consulted during the international search (name ot data t>ase and, where practical, search terms used) 

EPO-Internal , PAJ, WPI Data, BIOSIS, CAB Data, EMBASE 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Caiegoiy* Q'lation of document, with indlcallon. where appropilaie, of (he relevant passages 



Reievani'to claim No. 



FR 2 758 243 A (AJINOMOTO KK) 

17 July 1998 (1998-07-17) 

the whole document 

WO 97 33488 A (POLEY GERALD E ;MCKEOWN 
NEIL A (CA); PATTON RICHARD S (US)) 

18 September 1997 (1997-09-18) 
page 1, line 3 - line 13 

claims 3,5,9,12,14,17,21,23 

-/-- 



1.4, 

7-10, 

12-17 



1,4,8-20 



m 



Further documents are listed In the contlnuatton of box C. 



Patent family memtiers are listed In annex. 



« Special categories of dted documents : 

■A' document defining Ihe general slale of the art whicli is not 

considered to be of particular ralavance 
'E' earlier documant but published on or after the international 

filing date 

*L* doGumfint which may throw doubts on prtotlty ciatm(s) or 
which is cited to establish the publication date of another 
diailon or other special reason (as specified) 

'O* documem referring to an oral disdosure, use, exhibition or 
other means 

*P* document published prior to the international fiSrtg date but 
later than the priority date claimed 



later document published after the international filing date 
or priority date and not In conflict vwfth the application but 
cited to understand the pri ndpte or theory underfying the 
Invention 

document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when Ihe document Is taken alone 
document of particular relevance; lha claimed Invention 
cannot be considered to involve an Invenlhre step when the 
document Is combined with one or more other such docu- 
ments, such combination behg obvious to a person skilled 
In the art 

'&* document member of the same patent family 



Date of the actual completion of the international search 

9 July 2001 


Date of mailing of the International search report 

17/07/2001 


Name and mailing address of Ihe ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-22fiOHVR|Jswj|k 
TeL (+31 -70) 340-2040. Tx. 31 G51 epo nl. 
Fax: (4^1-70) 340-3016 


Authorized officer 

Dekeirel , M 



BNSDOCID: <WO 01741 73A1 I > 



INTERNATIONAL SEARCH REPORT 



Information on patent temlly members 


^^national Application No 

PCT/GB 01/01557 




Patent document 
cited In search report 


Publication 
date 




Patent family 
member(s) 


Pubiicsrtion 
date 




FR 2758243 


A 




17-07-1998 


JP 


9023825 A 


28-01-1997 




WO 9733488 


A 




18-09-1997 


AU 
CA 


2321697 A 
2248787 A 


01-10-1997 
18-09-1997 




WO 9965335 


A 




23-12-1999 


AU 


4573799 A 


05-01-2000 




WO 9925331 


A 




27-05-1999 


AU 
US 


1409299 A 
5100287 A 


07- 06-1999 

08- 08-2000 





Poim PCT/iav2iO (paten tatfOy max) (July ISSe) 



BNSOOCia <WO_0174173A1 J.> 



